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Introduction
Late blight, caused by the oomycete Phytophthora infestans (Mont.) de Bary, is 
the main biotic constraint to potato production worldwide. The present guide 
is designed to assist professionals and technicians in charge of evaluation trials 
designed to screen selected potato genotypes for resistance to this disease. The 
evaluation of breeding families, which is carried out under greenhouse or fi eld 
conditions, can use the same methodology. The guide can help to organize trials, 
improve data collection and analysis and introduces new criteria for resistance 
measurement based on epidemiological principles. The International Potato 
Center (CIP) staff  can share their late blight trial data through to the Global Trial 
Data Management System.
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Phytophthora infestans, causal agent of late blight
Late blight of potato (and tomato) is caused by Phytophthora infestans. A recent 
classifi cation scheme based on molecular analysis of the nuclear srRNA gene as well 
as ultra-structural data, places the genus Phytophthora in the kingdom Chromista 
together with golden and brown algae and diatoms. The genus Phytophthora occurs 
within the phylum Oomycota, which is characterized by zoospores propelled by 
heterokont (of unequal length) fl agella and by cellulose in cell walls. It is now clear 
that oomycetes are not related to the ascomycete and basidiomycete true fungi (10).
The asexual form of P. infestans is essentially an obligate parasite in nature. Mycelium 
may survive for short periods in crop debris, but in general the pathogen requires 
a living host (cultivated or wild) for long-term survival and cannot overwinter 
or overseason if no host is available. However, in some locations where sexual 
reproduction occurs, the resulting oospore can survive for months or years in the 
absence of living hosts (4,11). P. infestans can be cultivated on artifi cial media and can 
survive for indefi nite periods in its vegetative state in the laboratory. 
After a very long time during which P. infestans populations were considered to 
be only asexual, a 1984 report of A2 mating types in Western Europe was the fi rst 
indication of new and dramatic developments in the pathogen populations (19,27). 
The analyses of a large number of dispersed local populations indicated, surprisingly, 
that the changes were not restricted to Western Europe, but were worldwide (20,22). 
These new migrations involved both mating types (A and A2) leading to the potential 
for sexual reproduction. The genetic diversity generated by sexual reproduction can 
lead to more aggressive genotypes. 
Late blight
Late blight is a polycyclic disease, having several cycles of infection and inoculum 
production during one growing season. Thus, the infection level is expected to 
increase proportionally to both the initial amount of inoculum and the amount of new 
inoculum produced during the growing season. The amount of inoculum produced 
depends on the host, pathogen, environment and management conditions (5, 21). 
More information regarding the disease cycle, conducive weather, control, etc. is well 
documented in the literature (5,20,25,32,39).
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Late blight symptoms on leaves 
The disease fi rst appears as water-soaked irregular pale green lesions mostly near the 
tips and margins of leaves. These lesions rapidly grow into large brown to purplish 
black necrotic spots (Picture 1). During morning hours, a white mildew consisting of 
sporangia and spores of the pathogen can be seen on the lower surface of infected 
leaves, especially around the edges of the necrotic lesions. Thus the symptoms can 
vary, depending on the age of the lesion, the environmental conditions prior to 
observation and the tissue infected. Very young lesions are small (2-10 mm) and 
irregularly shaped, and may be surrounded by a small halo (collapsed, but green tis-
sue bordering the dark necrotic lesion). As lesions grow, they become more circular 
until they are limited by the leafl et margins. They are usually not delimited by the 
veins, and older lesions are typically surrounded by a chlorotic halo. 
Late blight symptoms in stems 
Late blight also attacks the stem, where it can cause girdling and leaf wilting above 
the point of infection. Light to dark brown lesions on stems or petioles elongate and 
may completely encircle them (Picture 2). Stem lesions become brittle and the stem 
frequently breaks at that point (Picture 3). 
Late blight symptoms in tubers 
Infected tubers show irregular reddish-brown to purplish slightly depressed areas 
that extend deep into internal tissue of the tubers (Picture 4). The infected tubers are 
initially hard, dry and fi rm but may be invaded by other pathogens, mainly bacteria, 
leading to soft rot. A pungent, putrid smell is often associated with heavily infected 
fi elds. This is due to rotting of dead tissue by secondary organisms and is not a direct 
consequence of late blight. 
Resistance to late blight
There is general consensus that resistance to P. infestans could be classifi ed into two 
phenotypes (two expressions in the fi eld). The fi rst is governed by single dominant 
genes with major eff ects and a clear, discontinuous segregation of progeny of a cross 
between resistant and susceptible potato genotypes. The second type of resistance 
is governed by several or many genes, called minor genes, with small cumulative 
eff ects and continuous distribution of resistant genotypes in progeny resulting 
from resistant by susceptible cross. Major gene resistance has also been described 
as vertical resistance, R-gene resistance, qualitative resistance, specifi c resistance, 
race-specifi c resistance, unstable resistance, and complete resistance. Minor gene 
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resistance has been described with contrasting names, such as horizontal resistance, 
polygenic resistance, quantitative resistance, general resistance, race non-specifi c 
resistance, stable resistance, partial resistance, fi eld resistance and rate-reducing 
resistance (7,12,37,38). Many varieties released as late blight resistant have rapidly 
become susceptible as the pathogen population evolves; examples are the cultivar 
Victoria in Uganda (known as Asante in Kenya) (12) and the cultivar Canchan in Peru 
(Table 1). The ephemeral nature of R-gene –mediated resistance and the diffi  culty of 
transferring quantitatively inherited resistance have rendered the identifi cation and 
diff usion of durable resistance to late blight a diffi  cult task (8,25).
Picture 1. Late blight symptoms on potato leaves 
Picture 2. Late blight symptoms on potato stem 
Picture 3. Late blight symptoms on potato stem 
Picture 4. Late blight symptoms in potato tuber 
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Conducting late blight evaluation trials 
The physical environment infl uences the development of an epidemic through eff ects 
on various phases of the pathogen’s life cycle as the pathogen interacts with specifi c 
phases in the development of the host plant (6, 24, 33). Cool, wet weather with rainfall 
and ambient relative humidity (RH) above 90% and temperatures of 7 to 21 °C favor 
late blight development (1,5,34). Natural epidemics of P. infestans in the fi eld can 
be used advantageously for screening large populations of potato genotypes for 
resistance to this disease (23).  
Locations: screening sites 
Knowledge about the pathogen population from the screening sites may be helpful 
for the interpretation of results. For example in Peru, two sites in the central highlands 
(Comas and Oxapampa) are used by CIP’s late blight breeding program (31); the 
pathogen populations in those zones were formerly of the US-1 lineage (23,35,39), 
but they are both now dominated by the EC-1 lineage, which has been found to 
predominate in Ecuador (13), Colombia and Venezuela (14). Ultimately, the number 
of sites chosen, as well as the number of years of screening, also depends on logistics, 
human and fi nancial resources. 
One way to study phenotypic stability in crop performance trials is through the 
analysis of genotype by environment (G x E) interactions. G x E interaction can be 
studied temporally (two or more seasons at the same location) or spatially (several 
locations during the same season) or a combination of these (9) through the additive 
main eff ects and multiplicative interaction (AMMI) analysis (3). 
Materials: Clones, controls and quality of planting material
  Clones: Breeding lines or potato varieties from local breeding programs or from 
CIP can be evaluated. 
  Controls: A small number (1 to 5) of potato genotypes with known levels of 
resistance ranging from susceptible (scale value from 6 to 9) to highly resistant 
(scale value  from 0 to 2) should be included in the evaluation trial, particularly if 
the evaluation is done across diff erent locations or times. For the resistance scale 
described below, it is desirable to have one highly susceptible (scale value near 
9) genotype among the controls. Preferably, this same genotype should be used 
in all evaluations. 
  Quality of planting material: Uniform healthy tubers of the same origin for 
both advanced clones and controls should be used. It is advisable to plant tubers 
approximately equal in size for all genotypes evaluated in the trial.
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  Plot size: Resistance to late blight can be evaluated in small plots (ca 5 plants). 
However, the larger plot (e. g., 4 X 4 m2) the greater the resolution provided 
among materials being evaluated.
  Agronomic management: Fertilization, weed and pest control, as well as any 
other agricultural activities must be uniform for all plots of the trial and should 
conform to local agriculture practices.
Experimental design 
The evaluation of clones should be done in a replicated trial using 3-4 repetitions. 
Late blight resistance can be evaluated in all classical experimental designs, such as 
completely randomized or a randomized block design.  
Field disease variability 
Diff erent measures can be taken to reduce or control variability of disease severity in 
the fi eld. One measure is inoculation, which is especially useful in areas where natural 
inoculum may not be suffi  cient. For inoculation to work, the inoculum can not dry 
out. Thus, inoculation must be done after dew formation or after a rain in the early 
evening. Alternatively, prior to inoculation, the fi eld can be sprayed with overhead 
irrigation for a suffi  ciently long period to be sure all foliage is wet. It is best to inoculate 
plants at dusk so that the inoculum won’t dry and to protect zoospores and sporangia 
from direct sunlight. The inoculum should be applied as evenly as possible in each 
plot with a hand-held, manually pumped sprayer (approximately 20 ml per plant) 
(12,17,18). Inoculation should be made on plants that have not yet reached fl owering 
to allow time for disease development. 
Another measure frequently used to improve the uniformity of disease across a 
fi eld is to plant either one known susceptible genotype (scale value between 6 and 
9) or both a susceptible and a moderately known resistant genotype (scale value 
between 4 and 5) of potato around the plots in order to produce continuous sources 
of inoculum. These additional genotypes are often referred to as “spreader rows” 
(Picture 5). Spreader rows may introduce other biases. For example, if the genotype 
used as a spreader is very susceptible, it will make its immediate neighbors look more 
susceptible due to the large amount of sporangia released. To avoid this, spreaders 
can be planted between each row so that all rows receive an equal amount of 
inoculum, but this doubles the size of the experiment.
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Picture 5. Spreader rows planted around the plot
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Field management: protecting plants with fungicides 
Late blight occurs very early in many tropical and subtropical locations. If infections 
occur when plants are very small, diff erences between resistant and susceptible 
genotypes may be diffi  cult to detect. Under these conditions, it is advisable to protect 
plants with fungicides until they are of suffi  cient size for evaluation. Generally, a 
contact fungicide (propineb or chlorotalonil) is applied until the plants are considered 
large enough for evaluation, i.e. when they reach 30% of their full-grown leaf area. 
Fungicide applications must stop at least three weeks before any inoculation is made. 
Evaluations of disease severity
Disease severity is evaluated as the percentage of foliage area that is infected. This 
variable is recorded throughout the season and the date of each reading is also 
logged. Data are collected on each experimental unit (each clone or variety within 
each replication). Data may be registered by hand or with electronic devices (e.g., 
tablets) in order to shorten the time and reduce the cost of collecting data and further 
analysis.
When the number of the plants per plot is low, some researchers take severity 
readings on each plant. However, there is little evidence for any advantage to this 
process and it requires signifi cantly more time. For that reason, CIP recommends 
simply taking data at the plot level. The fi rst reading should be taken before disease 
initiation. Researchers must therefore be aware of the normal time of appearance 
of late blight in their location, and/or survey nearby fi elds for any symptoms.  Data 
recording should start as soon as weather conditions become conducive to blight 
development; if symptoms are seen, readings should begin immediately.  
The percentages of leaf area are used to calculate the area under the disease progress 
curve (AUDPC), therefore, constant time intervals among readings are not really 
crucial. If the disease is advancing quickly in susceptible genotypes, readings should 
be done frequently (every 7 days in cold areas, or every 3 to 4 days in warm and humid 
areas). If the disease is advancing slowly, the interval between readings can be longer 
(every 10 to 14 days). The objective is to have readings at low, medium and high levels 
of disease in all genotypes, including susceptible ones. 
When evaluating late blight, most researchers visually estimate the percentage of 
total leaf area that is aff ected by the disease. This is done by simply comparing the 
green and non-green portions (assuming late blight is the only or dominant foliage 
disease). Thus, one mentally estimates the percent of infected foliage in the plot.  
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This is a standard procedure and generally works well, especially when readings are 
integrated into a measure like the AUDPC. Nonetheless, the estimation of percent 
infection is subject to several sources of error.  
The readings are then integrated into a measure like the area under the development 
progress curve (AUDPC) (16) (see below).
Source of errors when estimating the percentage infection 
Estimation of percentage infection is, nonetheless, subject to several sources of error 
(15). 
1)  Underestimation occurs when evaluation is made only on that portion of the 
disease with visible symptoms that is still on the plant. Infected leafl ets eventually 
fall off  and the timing of the fall is probably cultivar-dependent. Diseased tissue 
can be green and symptomless and therefore overlooked during the evaluation. 
Infected green tissue can also be sporulating, but this is not always visible unless 
one is very close to the leafl et. This level of scrutiny is generally not employed in 
routine cultivar evaluations. 
2)  Human error can occur when proportional diff erences are evaluated. Research has 
shown that people estimate disease more precisely at lower and higher levels of 
severity than at intermediate levels (29). The use of logarithmically-based scales 
does not necessarily correct this bias and thus simple percentage infected area is 
advised (16). 
3)  In general, it is better if all readings for a trial are taken by an evaluator with 
expertise in disease assessment in order to maintain the same degree of accuracy  
and precision in the disease assessments (6). It is also best to record readings 
independently (that is, without knowing the value given at the previous reading) 
by having someone else register the values in the datasheet or by using a digital 
recorder which can hide the previous reading. If paper is used to take disease 
readings, the color should be chosen to avoid refl ection of sunlight. The best time 
of the day to evaluate disease severity is in the morning or in cloudy conditions. 
 FIELD ASSESSMENT OF RESISTANCE IN POTATO TO PHYTOPHTHORA INFESTANS 15
Recording and analyzing data 
Data recording and computation 
Area under the disease progress curve (AUDPC) 
Because late blight is a polycyclic disease, CIP recommends the AUDPC to summarize 
the disease readings into one synoptic measure (18). The AUDPC is calculated from 
the estimated percentages of leaf area aff ected recorded at diff erent times during the 
epidemic. 
The AUDPC is simple to calculate, uses multiple evaluations, and does not rely 
on transformations. The AUDPC also presents some disadvantages, which will be 
discussed at the end of this chapter. 
The AUDPC is frequently calculated using the midpoint formula (6):
 
 
Where “t” is the time of each reading, “y” is the percentage of aff ected foliage at each 
reading and “n” is the number of readings. The variable “t” can represent Julian days, 
days after planting or days after emergence.
The drawing shown in Figure 1 is a graphic representation of the equation. It shows 
the AUDPC as a summation of trapezoidal areas. 
The computation of AUDPC with Microsoft Excel is presented at the end of the 
chapter. DataCollector (https://research.cip.cgiar.org/confl uence/display/GDET4RT/
Downloads) also calculates the AUDPC.
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Figure 1.  Graphic representation of the AUDPC
Data analysis 
The AUDPC values, as well as percentage infection values, can be analyzed using 
analysis of variance (ANOVA) after exploration of the data through simple statistics 
such as means, standard errors, frequency distributions and box plots. Multiple means 
comparisons tests ( e.g., Dunnett) can also be applied (36). The analysis of residuals 
is recommended to test the validity of the model and assess homogeneity of the 
variances (36). 
The AUDPC and percentage infection are considered pseudo-quantitative variables 
with hierarchy and can be analyzed without transformation (30) . 
If yield has been evaluated in addition to the AUDPC, the correlation between yield 
and the AUDPC can be calculated with the Spearman method (28). The Spearman 
method works by ranking each observation within each replication and the Spearman 
rank correlation is calculated on the ranked values (28). A coeffi  cient close to 1.0 
indicates a good correlation between yield and the AUDPC (i.e., overall disease 
severity). 
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Data interpretation 
The AUDPC is a variable which estimates the amount of disease across the season. The 
AUDPC is expressed in % days (that is, the accumulation of daily percentage infection 
values) and is interpreted directly without transformation. The higher the AUDPC, 
the more disease in the genotype. It is often helpful to plot the percentage leaf area 
infected versus the evaluation date (“disease progress curve”) to get a better idea of 
how genotypes perform in the experiment (Figure 2).  
Figure 2.  Disease severity curves of three potato clones
Getting around common problems associated with the AUDPC 
Timing the readings 
Problem: The selection of resistant potato genotypes is frequently based on the 
AUDPC (26). However, the same AUDPC value can result from an early-starting, slow-
progressing infection or from a late-starting, fast-progressing infection; therefore 
AUDPC values do not provide information on the type of resistance present in the 
genotypes, nor on their potential durability. For this reason  it is also advisable to 
examine disease progress curves  (2).
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Solution: It is important to start the readings when disease begins, ideally even before 
the fi rst symptoms appear. Generally, it is not relevant to continue the readings after 
the susceptible materials reach 100% disease severity.  While an AUDPC value can be 
calculated from two data points,  greater accuracy is achieved with each additional 
observation, although under some conditions very accurate AUDPC values can be 
derived from two data points (30). 
Handling lack of uniformity of disease 
In the fi eld 
Problem: The AUDPC is sensitive to lack of disease uniformity in the fi eld. 
Solution: Experimental designs for controlling this type of error have been discussed 
above. If disease is typically non-uniform in a location, inoculation should help. 
Dealing with incomparability across experiments 
Problem: The AUDPC per se should not be used for comparing potato genotypes 
across experiments. Furthermore, the AUDPC units as indicators of resistance or 
susceptibility are not easily interpretable. For example, an AUDPC value of 2043 may 
arise from a moderately resistant genotype grown under conditions conducive to 
severe infection, or it could also arise from a highly susceptible genotype grown under 
conditions not conducive to severe infection. 
Solution: In an eff ort to standardize the AUDPC, researchers often use the relative 
AUDPC (rAUDPC) (18). The rAUDPC is calculated by dividing the AUDPC by the 
“maximum potential AUDPC.” 
The maximum potential AUDPC is simply the AUDPC a genotype would have if it 
had 100% infection at all readings. The maximum potential AUDPC is represented by 
the dotted line in Figure 1 and is calculated by multiplying the total number of days 
between the fi rst and last readings by 100.
The rAUDPC is also not the best measure for comparing results across diff erent 
experiments for the same reasons explained above for AUDPC. For this task, CIP 
recommends the resistance scale described below.
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Calculating the AUDPC with Microsoft Excel 
The AUDPC can be calculated using statistical analysis or spreadsheet programs. Here 
is an example using Microsoft Excel. 
Step 1: Enter the evaluation data of the fi ve clones for each of the recording days 
Step 2: Locate the cursor in cell N7, which corresponds to the AUDPC of clone 1, and 
enter the following formula: 
Area =((G7+F7)/2)*($G$6-$F$6)+((H7+G7)/2)*($H$6-$G$6)+((I7+H7)/2)*($I$6-
$H$6)+((J7+I7)/2)*($J$6-$I$6)+((K7+J7)/2)*($K$6-$J$6)+((L7+K7)/ 2)*($L$6-$K$6) 
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Step 3: Press Enter and the area “581” will appear in cell N7.
Step 4: Copy the formula of the N7 cell to the other cells from N8 to N11.
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Calculating the rAUDPC with Microsoft Excel 
The rAUDPC can also be calculated using statistical analysis or spreadsheet programs. 
The same spreadsheet prepared to fi nd the AUDPC is used.
Step 1:  Locate the cursor in cell O7, which corresponds to the rAUDPC of clone 1, and 
enter the following formula:
rAUDPC =N7/((L6-F6)*100)
now press Enter, and the rAUDPC 0.14 will appear in cell O7.
Step 2: Copy the formula of the O7 cell to other cells from O8 to O11, but be careful 
to maintain the values of the last (cell L6) and fi rst (cell F6) readings in every formula 
copied.
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An alternative for calculating the rAUDPC is to place the data from the last and fi rst 
readings in the formula. In the example, the last reading is 85 days (cell L6) and the 
fi rst reading is 42 days (cell F6).
rAUDPC  =N7/((85-42)*100)
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Calculating resistance (susceptibility) scale values to Phytophthora 
infestans for potato genotypes
In most parts of the world there is no standard system for measuring the degree 
of resistance to Phytophthora infestans in potato genotypes. One generally fi nds 
that genotypes are classifi ed as resistant, moderately resistant or susceptible. 
This classifi cation can be helpful but is very limited in comparing genotypes 
across environments and is too crude to provide useful information for fungicide 
management. This situation is particularly problematic in developing countries, 
because until recently no scale was available for short-day conditions, as is the case 
of highland tropics (39). To address this problem, Yuen and Forbes (39) proposed a 
simple scale (0 to 9) that can be calculated from AUDPC or rAUDPC values; however 
to use this scale  it is neccesary to use a susceptible cultivar as a common reference 
genotype in all experiments that are to be compared. 
The resistance scale values are found using the following equation: 
where Sy and  Dy represent, respectively, the assigned susceptibility scale value 
and observed disease measure (AUDPC or rAUDPC) for the standard genotype, 
and Sx and Dx represent, respectively, the calculated susceptibility scale value and 
observed disease measurement for the genotype in question. In essence, one divides 
the assigned susceptibility value of the control by the resistance measure of the 
control (e.g. AUDPC or rAUDPC) to get a constant. This can then be multiplied by 
the resistance measure of each target cultivar to get the susceptibility value of that 
genotype. 
Calculating the scale value with Microsoft Excel 
Step 1: The same spreadsheet that was used to calculate the AUDPC and rAUDPC is 
used here. Select a susceptible cultivar used in all experiments. Locate the cursor in 
cell P12 and assign the appropriate value of the scale of susceptibility (generally 8 or 
9) to this susceptible cultivar (example: Desiree, Bintje, Tomasa Condemayta, Diacol 
Capiro , etc.). 
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In the example, Desiree is the cultivar selected as susceptible (cell C12) and value 9 
was assigned (cell P12). 
Step 2: The assigned value is divided by the rAUDPC calculated for same cultivar 
and the value obtained will be used as a constant for following procedures. In the 
examples, the value assigned for Desiree is 9 (cell P12) and the rAUDPC calculated for 
this variety in this experiment is 0.65 (cell O12).  
In the spreadsheet, locate the cursor in cell Q12 and enter the following formula:
 C=P12/O12
Press Enter and the constant 13.91 appears in cell Q12. 
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Step 3: The constant obtained must be multiplied for each of the rAUDPC values of 
the other genotypes to obtain the respective scale values.
In the spreadsheet, locate the cursor in cell R7 and enter the following formula:
Susceptible scale value for clone 1 = O7*Q12
Press Enter and the scale value 1.88 appears in cell R7. 
Step 4: Copy the formula of the R7 cell to other cells from R8 to R12, but be careful to 
maintain the value of the constant (cell Q12) in every formula copied.
26 FIELD ASSESSMENT OF RESISTANCE IN POTATO TO PHYTOPHTHORA INFESTANS
An alternative for calculating the scale value for each cultivar is to place the value of 
the constant in the formula:
In the spreadsheet, locate the cursor in cell R7 and enter the following formula:
Susceptible scale value for clone 1 = O7*13.91
Press Enter and the scale value 1.88 appears in cell R7. 
Copy the formula of the R7 cell to other cells from R8 to R12. Notice that the scale 
value assigned to Desiree is 9 after this calculation, which is similar to the same as the 
value previously assigned.
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Examples of use of susceptibility scale values
Potato cultivar Canchan-INIA developed at CIP in the late 1970s and released in Peru 
in 1990 as resistant to late blight, but pathogenic strains of P. infestans were rapidly 
selected as Canchan became more popular and it is now considered very susceptible 
throughout Peru (Table 1). Despite its susceptibility to late blight, Canchan has 
maintained its popularity in Peru as an important cash crop because of its stable 
yield performance, earliness, and market demand. The resistance scale is useful to 
visualize the increase in susceptibility of Canchan caused by changes in the pathogen 
population.
Table 1.- Historical behavior of cultivar Canchan (CIP 380389.1) in the Peruvian highlands.
a  Zones used by CIP as screening sites due to their conducive conditions for late blight development.
b  The value between parentheses indicates scale value of cultivar Canchan in an experiment carried 
out in the agroecological zone during the respective growing season.
c  Cultivar Tomasa Condemayta was used as susceptible and it was assigned the highest scale value = 9.
d  Scale value analyzed from data published by  Egusquiza,R.(ed.) 1984 -1990. Sistema Nacional de 
Evaluación de Recursos Genéticos 1984 -1990. Instituto Nacional de Investigación y Promoción  
Agropecuaria (INIPA) – Universidad Nacional Agraria (UNA). Lima, Peru.
e  Scale value analyzed from data collected by CIP Late Blight Breeding Program. 
Huánuco b,c,d
(2500 – 2700)
1983 – 1984 (1)
1984 – 1985 (1)
1985 – 1986 (1)
1986 – 1987 (1)
1987 – 1988 (2)
1988 – 1989 (1)
Cajamarca a,b,c
(2500 – 2800)
1990 – 1991 (1)
1991 – 1992 (0)
1991 – 1992 (0)
1992 – 1993 (1)
1993 – 1994 (2)
1994 – 1995 (2)
1996 – 1997 (1)
1990 – 1991 (1)
Junín a,b,c,e
(2600 – 2800)
1998 – 1999 (9)
1999 – 2000 (9)
1999 – 2000 (9)
Pasco a,b,c,e
(1700 – 1900)
1998 – 1999 (9)
Agroecological zone (Altitude range m.a.s.l.) a
Cultivar Yungay was selected as susceptible control for CIP’s breeding program in 
Peru. Other varieties, such as Tomasa Condemayta and Chata Blanca, have higher 
scale values (Table 2) but these are so susceptible that they often reach high levels 
of disease too early in the growing season to accurately estimate the rAUDPC and 
AUDPC values for the experimental genotypes.
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Table 2. Determination of scale value of potato cultivar Yungay used in CIP’s Late Blight Breeding Program as 
susceptible variety.
Growing season
1998 – 1999
1999 – 2000
2000 – 2001
2004 – 2005
2005 – 2006
2006 – 2007
2007 – 2008
1998 – 1999
2005 – 2006
2008 – 2009
2009 – 2010
Agroecological 
zone
Comas, Junin
Oxapampa, Pasco
Susceptible variety used 
as controla
Canchan ( 9)
Canchan ( 9)
Canchan ( 9)
Chata Blanca ( 9 )
Chata Blanca ( 9 )
Tomasa Condemayta ( 9 )
Chata Blanca ( 9 )
Canchan ( 9 )
Chata Blanca ( 9 )
Chata Blanca (9)
Desiree ( 9 )
Scale value calculated for 
cultivar Yungayb
8
7
6
6
7
8
8
7
5
8
7
a The highest scale value assigned to the susceptible variety used in the experiment.
b Scale value analyzed from data collected by CIP Late Blight Breeding Program.
The same varieties tested in diff erent locations may obtain diff erent scale values for 
many reasons (Table 3). For example, small diff erences of one or even two scale values 
may result from environmental eff ects or even experimental artifacts. Small or large 
diff erences may also result from potato genotypes containing eff ective R genes for 
which pathogenic strains appear at diff erent times in the season in diff erent locations. 
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Table 3.  Scale values obtained for selected Peruvian potato varieties in two screening sites during the same growing 
season (2010 – 2011); the Tomasa Condemayta variety was used as control and was assigned a value of 9.
Varieties
Chucmarina
Venturana
Serranita
UNICA
Amarilis
Capiro
Liberteña
Perricholi
Yungay
Chaska
Tomasa
Canchan
Oxapampa (1813 m.a.s.l.)
0
0
1
2
3
4
4
5
5
7
9
9
Paucartambo (2480 m.a.s.l.)
0
0
0
5
6
7
7
6
7
8
9
8
Scale values
CIPs Global Database of fi eld trials for potato and sweetpotato
CIP, together with partners, is promoting the use of DataCollector, a software  that 
helps to standardize data and ensure data quality (12). It is part of the International 
Potato Center’s Global Data Management System (34) and assists researchers in data 
analysis by automatically calculating the AUDPC, rAUDPC and susceptibility scale 
values (Figure 3).  
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Figure 3. EXCEL sheet produced by Data Collector showing AUDPC, rAUDPC and susceptibility scale values.
DataCollector also performs statistical analysis based on late blight resistance scale 
values or a number of other parameters (Figures 4 and 5). The software is still under 
development, but ultimately it will give access to genotype pedigrees, trial metadata, 
and experimental data from potato and sweetpotato trials. A User’s Manual can be 
downloaded free of charge from: https://research.cip.cgiar.org/confl uence/display/
GDET4RT/Home
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Figure 4.  Statistics analysis performed with Data collector using scale values.
Figure 5. Means comparison performed with Data Collector using scale values.
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The International Potato Center (known by its Spanish acronym CIP) is a 
research-for-development organization with a focus on potato, sweetpotato, 
and Andean roots and tubers. CIP is dedicated to delivering sustainable 
science-based solutions to the pressing world issues of hunger, poverty, 
gender equity, climate change and the preservation of our Earth’s fragile 
biodiversity and natural resources.
www.cipotato.org
CIP is a member of CGIAR
CGIAR is a global agriculture research partnership for a food-secure future. 
Its science is carried out by the 15 research centers who are members of the 
CGIAR Consortium in collaboration with hundreds of partner organizations.
www.cgiar.org
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